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@ Lubricating oil composition. 

(g) A lubricating oil composition comprising: (A) a base oil 
having a naphthene content of at least 30%, an aromatic 
content of not more than 2%, and a kinematic viscosity at 
100° C of 1.5 to 30 cSt; and (B) 0.01 to 5<Vb by weight based on 
the total weight of the composition of a friction modifier. This 
composition is very useful as a lubricating oil for use in an 
automatic transmission or a continuously variable transmission, 
or as a lubricating oil for use in parts including a wet clutch or a 
wet brake of an agricultural tractor, etc. 
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® Lubricating oil composition. 

?) A lubricating oil composition comprising: (A) a base oil having a naphthene content of at least 30°o. ar 
aromatic content of not more than 2°'o. and a kinematic viscosity at 100°C of 1.5 to 30 cSt: and (B) 0.01 to 5% 
by weight based on the total weight of the composition of a friction modifier. This composition is very useful as a 
lubricating oil for use in an automatic transmission or a continuously variable transmission, or as a lubricating o«i 
for use m parts including a wet clutch or a wet brake of an agricultural tractor, etc. 
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0 286 996 
LUBRICATING OIL COMPOSITION 



BACKGROUND OF THE INVENTION 
1 Fieic! of the Invention 



The present invention relates to a lubr.cat.ng oil compos.tion and more particu.arly to a lubr.cat.ng on 
composition which is excellent in fr.ct.onal characteristics, is decreased in changes with time of the frictional 
characteristics and further is excellent in stability against oxidat.on or oxidation stab.l.ty. and thus which .s 
useful as a iubr.cat.ng oil for use in various parts such as an automatic transmission, a cont.nuously variable 
transmission, a brake of a tractor, a power steering and so forth. 



2. Description of Related Art 

•s A lubricating oil to be used .n parts including a wet clutch or a wet brake of an automatic transmission, 
a continuously variable transmission, a tractor and so forth is required to have such properties that fnct.onal 
rh~aracter.st.cs. ox.dat.on stability, corros.on resistance and rust res.stance are good, and transm.ss.on 
torque .s large. An especially -mportant requ.rement is that the ratio of coeffic.ent of static friction to 
coefficient of kinematic friction as a measure of fr.ct.onal characteristics is small and further that the change 
20 with time of the above ratio is small. 

A lubricating oil hav.ng a high coefficient of static friction and good in transmission torque has 
heretofore been known. This lubricating oil. however, has disadvantages ,n that frictional characteristics are 
not sufficiently satisfactory and shift shock is undesirably big. 

In recent years, with miniaturization of cars and with increased production of FF (front eng.ne front 
wheel driven) cars, a tendency toward m.n.atunzation of an automatic transmission and so forth has been 
increas.ngly developed. This miniaturization of the automatic transmission makes a driver more sens.t.ye to 
the shift shock. Thus, in order to reduce the shift shock and to make a car more comfortable to dr.ve. it has 
become a technical subject to improve frictional characteristics, especially at an initial stage. 

In order to improve frictional characteristics, a lubncating oil containing a frict.on modifier has been 
proposed. This fr.ct.on modifier-containing lubricating oil. however, is not sufficiently improved .n fr.ct.ona 
characteristics and further has a problem in that the frictional charactenst.es are reduced by degradation of 
o.l due to its long term use (change with time,. Moreover there .s a tendency that the corros.on preventing 

ab,,i As dr d 0 e P scribed above there has not yet been obtained a lubricating oil which possesses frictional 
character.st.es which are good and are decreased in the change with time, and further wh.ch has a h,gh 
transmission torque. 
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SUMMARY OF THE INVENTION 



The present invention is intended to overcome the above problems and an object of the present 
■nvennon ,s to prov.de a lubricating oil compos.tion which ,s decreased in shift shock -s great in 
transmission torque, and further has a sufficiently high corrosion-preventing ability, and thus which .s 
suitaole for use in lubrication of an automatic transmission and so forth. frt ^ tnn 
It has been found that the ob,ect can be attained by compounding a specified proportion of a fr.ct.on 
modifier to a base oil hav.ng specified properties. 

The present invention relates to a lubricating oil composition comprising: 

(A) a base o.l having a naphthene content of at least 30%. an aromatic content of not more than 2 .. 
and a kinematic viscosity at 100°C of 1.5 to 30 cSt: and 
50 (B) 0.01 to 5% by weight based on the total weight of the composition of a friction modifier. 
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esters*. As the aliphatic carboxylic acid esters, the afkyl (e.g.. methyl, ethyl, propyl, butyl, octyt. !auryi ana 
oieyD esters of aliphatic carboxyhc acids as described above are usually used. The divalent carooxyiic aoo 
esters «nclude the monoaikyi esters or glycol (e.g.. orcpyiene glycol) esters of divalent carooxyiic acids as 
aescrsbed above. 

5 As the carooxyiic acid metal salts, zinc laurate. zinc cieate. zinc stearate. zinc salt of coconut fatty aoo. 

aiumirum stearate. magnesium salicylate and the like can be used. 

As :ne f ats and cils. both animal oils and vegetable oils can be used. Examples of the animal oils 

=nc:uae ara. beef fallow, fish oil and the like. Examples of the vegetable oils include soy bean oil. rapeseed 

oil. nee bran oil. palm oil. palm kernel oil. coconut oil and the like. 
•3 As the higher alcohols, octyl alcohol, lauryl alcohol, mynstyl alcohol, oleyi alcohol, stearyi alcohol ana 

the like. 

As the sulfur-containmg compounds, sulfunzed oil. the reactton product of phosphorous sulfide and 
pmene. and the iike can be used. 

The above compounds can be used as the component (B). friction modifier, of the composition of the 
•5 present invention. Of these compounds, phosphoric acid esters, phosphorous acid esters or their amine 
salts, carboxyhc acid amides, glycerine fatty acid esters, sorbitan fatty acid esters, carboxyhc acid metal 
saits. dicarboxyhc acid esters {dibasic acid esters) and mixtures comprising two or more thereof are 
preferred. 

The composition of the present invention is obtained by adding a friction modifier as the component 

20 iB) to a base oil as the component (A). If desired, a viscosity index improver, an antioxidant, a detergent 
dispersant and so forth can be added to the composition of the present invention. 

The type of the viscosity index improver is not critical. For example, polymethacrylate. poiyisobutene. 
oolyalkyistyrene. an ethylene-propylene copolymer and so forth can be used. Of these, polymethacrylate 
having a molecular weight of not more than 100.000. preferably not more than 50.000. which is excellent in 

25 shear stability and is able to prevent changes in viscosity for a long time, is particularly suitable. The 
amount of the viscosity index improver added can be determined appropriately: usually, it is 0.5 to i5°o by 
weight, preferably 2 to 10% by weight based on the total weight of the composition. 

As the antioxidant, compounds commonly used, such as phenol-based compounds, amine-based 
compounds, zinc dithiophosphate and the like can be used. Representative examples are 2.6-di-tert-butyi-4- 

30 methyiphenol. 2.6-di-tert-butyl«4-ethylphenol. 4.4-methylenebis(2.6-di-tert-butylphenol). phenyl-o-naph- 
thyiamine. dialkyldiphenylamine. zinc di-2-ethylhexyldithiophosphate. zinc diamyldithiocarbamate. pmene 
pentasulfide ana the like. The amount of the antioxidant added is 0.01 to 2% by weight, preferably 0.05 to 
1 °o by weight based on the total weight of the composition. 

As the detergent dispersant. an ashless detergent, a metal detergent and the like can be used, in 

35 addition, a boron-containing ashless detergent can be used. Specifically alkenylsuccimc acid im.de. 
sulfonates, phenates and the like are preferred. Examples are polybutenylsuccinic acid imtde. calcium 
sulfonate, barium sulfonate, calcium sulfinate. barium sulfonate, calcium salicynate and the like. The amount 
of the detergent dispersant added is 0.1 to 10% by weight, preferably 0.5 to 5% by weight based on the 
total weight of the composition. 

-to In addition, if necessary, suitable amounts of a corrosion preventing agent, a rubber swelling agent, a 
aefoaming agent and the like can be added to the composition of the present invention. 

In the lubricating oil composition of the present invention, initial frictional characteristics are good, that 
.s: the ratio of coefficient of static friction to coefficient of kinematic friction is small, and the shock due to 
speed change is small. Changes with time of the frictional characteristics are small. Furthermore, the 

45 locating oil composition of the present invention is excellent in oxidation stability . and corrosion 
resistance. Thus the lubricating oil composition of the present invention is suitable for miniaturization of a 
transmission and so forth. 

Accordingly the lubricating oil composition of the present invention is quite useful as a lubricating oil for 
use «n an automatic transmission or a stepless transmission, or as a lubricating oil for use in parts including 
so a wet clutch or a wet brake of an agricultural tractor and the like. 

Moreover the lubricating oil composition of the present invention having characteristics as described 
above is useful as a lubricating oil to be used in a shock absorber, a power steering, an oil suspension and 
further in various construction machines and so forth. 

The present invention is. described m greater detail with reference to the following examples. 
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EXAMPLES 1 to 10. and COMPARATIVE EXAMPLES i to _M 
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(1) Preparation of Lubricating Oil Composition 

Base Oils A to E shown be.ow .ere used as the base o.l. To 89.3% by we.ghi of each of Base 
E werp added 4 0% by weight of polymethyl methacryiate fweignt average molecular weight: 42.000). 0.5 • 
by weiaht of 2 6-di-tert-butyI-4-methyiphenol. 5.0% by weight of polybutenyisuccin.c acid im.de. 0.1% by 
weight of an ant.-corros.on agent. 1.0% by weight of a rubber swelling agent and 1% by weight of a 
defoamirg agent to orepare Basic Oils A to E. 

To these Basic Oils A to E were added the compounds shown .n the table ,n predetermined amounts to 

obtain lubricating oil compositions. 



*0 



Basic Oil A 

(1 > Properties Viscosity: 5.40 cSt (100°C) 
*s Viscosity Index: 105 

Ring Analysis: %C A 0.1. %C N 38.0 
Pour Point: -45 3 C 



20 (2) Method of Preparation 

Obtained by subjecting a distillate from an .ntermediate base oil to two-stage hydrogenation treatment 
and further to deep dewaxing treatment. 



25 

Base Oil B 



(1) Properties Viscosity: 5.20 cSt (100°C) 
Viscosity Index: 105 
30 Ring Analysis: °'°C A 4.5. %C N 27.0 



(2) Method of Preparation 

Obtained by subjecting a distillate from an intermediate base o.l to solvent extraction treatment and 



35 

further to hydrogenation treatment. 



Base Oil C 

(1 ) Properties Viscosity: 5.45 cSt (100°C) 

Viscosity Index: 83 

Ring Analysis: %C A 1.5 %C N 50 



J5 

t2) Method of Preparation 

Mixture of 40% by weight of Base 0,1 A. 30% by we.ght of an o.l obtained by sub.ect.ng a distillate 

from an .ntermediate base o.l to hydrogenauon treatment, and 30% by we.ght of 1-(1-deca.y«H- 
50 cyciohexylethane. 



Base Oil D 

55 (1) Properties Viscosity: 5.6 cSt (100°C) 
Viscosity Index: 120 

Ring Analysis: %C A 0.1 or less. %C N 19 
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DESCRIPTION OF PREFERRED EMBODIMENTS 

Th e base oil as the component iA) of the present composition ,s an o.l having a naphthene content ,» 
C,j of at -east 30%. preferably 32 to 70S. an aromat.c content ,SC., of not more than 2-. pXab.y o°< 
more than IV and a kinematic v.scos.ty at 100'C of 1.5 to 30 cSt. preferably 2 to 20 cSt If the naohtnene 
:™ S e l S ^ tha : 3 °°°- f :' C r a ' « reduced. ,f the aromat.c content , s more than 



'mS- T-es^han 00 , 0 ; £ ? Cha " 9e ^ ""^ ' S UnaeS ' raC "y ,ar ^ -f the k.nemat.c v.scos.ty 

;U evaporauon .oss >s unoes.rab.y large While on the other hand ,f „ , s more 

>nan 30 .St. ..ne ocwer -oss due to v.scos.ty resistance is undes.rabiy too large. 



It ,s preferred for the base o.l of the component «A> to have such character.st.es as requ.red for the 
.sua. lub r.catmg oil. for examp.e. „, proper v.scos.ty character.st.es. (2, good stab.l.ty aga.nst ox.oat.on 3 * 
good detergency and d.spersancy. (4) go0 d rust res-stance and corrosion res.stance. ,5) good tow 
lemperature flu.d.ty. and so forth. Spec.fical.y. „ ,. more preferred for the base o.l to have a v.scos.ty ,nde* 
of at -east <5. particularly at least 80. a pour po.nt of not more than -,0'C. particularly not more than -20* C 
•5 most preferably not more than -30»C. and a total acid value of 0.1 mg KOH g 

As the base o.l of the component (A), van- s m.neral oils and synthetic oils can be used as fonq as 
they nave the above specified properties. y 

Representative examp.es of the m.neral oil which can be used as the base oil of the component (A) 
■nciude a pur.hed o.l which ,s obta.ned by pur.fying a distillate o.l by the usual method, sa.d dist.llate o.l 
•o having been obta.ned by atmospher.c distillation of a paraffin base crude oil or an .ntermediate base crude 
o.l. or by vacuum distillation of a res.dual o.l resulting from the atmospher.c distillation, and a deep 
.dewax.ng o.l wh.ch is obtained by subjecting the above purified o.l to deep dewax.ng treatment In th.s case 
the process for pur.ficat.on of the dist.llate oil is not critical, and various methods can be employed Usually' 
the o.sfliate oil is purified by applying such treatments as (a) hydrogenation. (b) dewax.ng (solvent 
« dewax.ng or hydrogenation dewax.ng). (ci solvent extraction, (d) alkali distillation or sulfuric ac.d treatment 
and >ei clay Nitration, alone or >n combination with one another. It is also effective to apply the same 
treatment repeatedly at multi-stages. For example. (1) a method ,n which the distillate o.l is hydroqenated 
or after hydrogenation. .t is further subjected to alkali distillation or sulfuric acid treatment. (2) a method in 
"h,ch the distillate oil is hydrogenated and then is subjected to dewaxing treatment. (3) a method m which 
30 the distillate o.l -s subjected to solvent extraction treatment and then to hydrogenation treatment (4) a 
method .n which the distillate oil .s subjected to two-or three-stage hydrogenation treatment, or after the two 
or three-stage hydrogenation treatment, it is further subjected to alkali distillation or sulfuric ac.d r.ns.ng 
treatment. f5) a method in which after the treatment of the distillate o.l by the methods (1) to <4> as 
described above, it -s again subjected to dewax.ng treatment to obta.n a deep dewaxed oil. and so forth can 
35 be employed. 

In the pract.ee of the above methods, it suffices that processing conditions be controlled so that the 
resulting o.l has a k.nematic viscos.ty at lOO'C. a naphthene content and an aromatic content all fall.no 
w.th.n the above-specified ranges. . 

A m.neral oil obta.ned by deep dewaxing. i.e.. deep dewaxed oil .s particularly preferred as the base o.l 
JO 3 f the component (A). This deep dewaxing is carried out by solvent dewax.ng under severe cond.t.ons 
catalytic hydrogenation dewaxing using a Zeolite catalyst, and so forth. 

As well as the aforementioned m.neral oil. ususl synthetic o.ls such as alkylbenzene. polybutene and 
poiy(a-olefin). a synthetic oil containing saturated hydrocarbons having fused rings andor non-fused r.ngs 
such as Hi-decalylM-cyclohexylethane or m.xtures thereof can be used as the base oil of the component 

J5 (A). 

The friction modifier as the component (B) of the present composition .s added to the base o.l as the 
comoonent (A) m a proportion of 0.01 to 5% by weight, preferably 0.1 to 2% by weight based on the total 
/veignt of the composition. If the proportion of the friction modifier is less than 0.01 % by weight its addition 
is not effective. On the other hand, if it is more than 5% by weight, oxidation stability is undes.rabiy 
so reduced. 1 

As the friction modifier wh.ch is used as the component (B) of the present compositjon: compounds 
commonly called an oilmess agent, a fr.ct.on prevent.ng agent, an extreme pressure agent and so forth can 
be used. Preferred examples of such fr.ction modifiers .nciude phosphoric ac.d esters, phosphorous ac.d 
esters, am.ne salts of phosphoric ac.d esters, amine salts of phosphorous acid esters, sorbitan fatty ac.d 
esters, pentaerythr.tol fatty ac.d esters, glycerine fatty acid esters, trimethylolpropane fatty acid esters 
glycol fatty acid esters, carboxyiic ac.ds. carboxylic ac.d amides, carboxylic acid esters, metal salts of 
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carboxyhc ac.ds. fats and oils, h.gher aiconois. and sulfur-conta.n.ng compounds. These comoouncs can oe 
used alone or in combination *ith one another 

Of the above phosphoric acid esters and phosphorous acid esters, those represented by the following 
general formulae (I). (I!) and (HI) are ©referred. 



20 



« l 0 
R 2 0 



OH 

P=0 • ( I ) 



R L 0 P=0 (ID 



(OH) 2 



R^O 
R 2 0- 



P OH (HI) 



in 'he above formulae (I). (II) and (III). R' and R 2 may be the same or different and are each an alky, 
group having 4 to 30 carbon atoms, an aryl group, or an alkyl-subst.tuted aryl group. hll ,„ larirt 
9 Representative examples of the phosphoric acid esters and phosphorous ac.d esters -^KteMytaod 
* Dhosohate 2-ethy.hexylac,d phosphate, laury.acid phosphate, oleylac.d phosphate, steary.ac.d phosphate 
^butXd'ragen "phosphite, dilaury.hydrogen phosph.te. dioley.hydrogen phosph.te. d.steary.hydrogen 

^t^r^o^T^^ Phosphorous acid esters .elude the o.ey = e sa , ts 
coconut amine sa.ts. beef tallow am.ne salts of the above phosphoric acd esters and phosphorous aoo 

^Representative examples of sorb.tan fatty acid esters .nclude sorbitan monolaurate sorb.ton men- 
ooleate sorb.tan monostearate. sorbitan sesqueoleate. sorb.tan dioleate and m.xtures thereof. 
° Represe^ative examples of pentaerythrito. fatty ac.d esters .nc.ude the monoesters. diesters or ,nest r 
of oentaerythnto. or dipentaerythrito. and fatty acids such as capnc acd. launc ac.d. myr.st.c ac.d. pa.m.nc 
JS acd stearic acid, oleic acid, linolic acid and behenic acid, and m.xtures thereof. 

Representative examples of glycerine fatty acd esters .nc.ude o.e.c monog.ycer.de. s.ear.c mon- 
oalvcende. oleic diglyceride and mixtures thereof. , acfarc M 

9 "Representative examples of trimethy.o.propane fatty ac.d esters .nclude the ^T^ s^T^ 
tr .methylpropane and fatty acids such as capnc acd. launc acid. myr.st,c acd. pa.m.fc ac.d. stear.c acd. 
J ° aie.c acid linolic acid and behenic acid, and mixtures thereof. 

3,6 R^resentative examples of g.yco. fatty acd esters include the monoesters ' * ^J^' £ 
tnmethylene glycol. 1 .4-butanediol or neopentyl glycol and fatty acds such as capnc acd launc acd 
2 acid, myristic acid, stearic acid. o.e.c acid, linolic acid and behenic ^J°*™«£ Somatic 
As carboxylic ac.ds. aliphatic carboxylic acids, divalent carboxyhc acds (d.bas.c acds) and aromauc 
- ^arboxyhc acids can be used. The aliphatic carboxylic acds have 8 to 30 carbon atoms and may be 
iT^vTnlZxe*. Representative examples of the a.iphatic carboxylic acd 
aunc acid, tndecamc acd. mynstic acd. palmitic acid, steanc ac.d. e.cosanic aad. 
tanoic acd undecylenic acid, oleic acid. I.nolic acid, linole.c acid, erucc acd. and o.ls and fa s fan y ^ acds 
"g coconut o.l fatty acd. palm kerne, oil fatty acd and the like,. ^^^S^ E^SS 
» caLxylic acd .nc.ude octadecylsuccinic acd. octadecenylsuccin.c ac.d. P° , y buteny ' su " , ; ,C J^ n( a * P : C s 
aS aze'aic acd. sebacc acid, dodecane diacd and the like. The aromatic carboxyhc ac.d .ncludes 

"''tVe'ca^l^'acid am.de. vanous compounds can be used. For example, the reaction products o« 
carboxX M as described above and amine compounds (e.g.. diethy.enetriamine tr.emy.e^etram.ne 
* "tSethylenepentamme. hexaethy.enepentamine. heptaethy.eneoctamine. tet ^^ 

iuty.eneheptam.ne. and alkano.am.nes such as monoethano.am.ne. d.ethanolamme and the like, can be 

1,36 Carboxylic acid esters include ahphatic carboxyhc acid esters and dicarboxyhc add esters (dibasic acd 
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i2) Method of Preparation 

Mixture of 50% by weight of Base Oil A and 50°o by weight of poiy-a-olefin. 



Base Oil E 

n) Properties Viscosity: 5.1 cSt dOO'C) 
Viscosity Index: 60 
•D Ring Analysis: 3 oCa 4.° 0 C M 40 



(2) Method of Preparation 

Obtained by subjecting a distillate from a naphthemc oil to solvent extraction treatment. 



(2) Performance Test 

20 The lubricating oil compositions prepared in (1) above, just after preparation thereof and after forced 
degradation, were subjected to the following performance test. The results are shown m the table. The 
forced degradation was performed at 150°C for 24 hours according to Oxidation Stability Test of Lubricating 
Oil for Internal Combustion Engine. JIS K 2514. 

is. 

SAE (Society of Automotive Engineers) No. 2 Friction Test 

Frictional characteristics were evaluated under the conditions shown below by the use of SAE No. 2 
tester (manufactured by Greening Association Inc.) 

30 

(Test Conditions) Disc: Two paper discs for an automatic transmission made m Japan 
Plate: Three steel plates for an automatic transmission in Japan 
. Number of revolutions of motor: 3.600 rpm 
25 Piston pressure: 38 psi 
Oil Temperature: 120°C 

A coefficient of kinematic friction (Ui 2 :o) at a number of revolutions of 1.200 rpm under the above 
-to conditions and a coefficient of static friction (ll c ) at the time of stop were measured, and u = u :;; was 
calculated. 

Oxidation Stability Test 

This test was performed at 150°C for 96 hours according to Oxidation Stability Test of Lubricating Oil 
for Internal Combustion Engine. JIS K 2514. 
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Corrosion Test 



The state of corrosion 



of a copper plate was measured after 3 hours at lOO'C according to JIS K 251 
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Claims 

1. A lubricating oil composition comprising: 

(A) a base oil having a naphthene content of at least 30° o. an aromatic content of not more than 2°'o. 
and a kinematic viscosity at 100°C of 1.5 to 30 cSt: and 

(B) 0.01 to 5% by weight based on the total weight of the composition of a friction modifier. 

2. The composition as claimed in Claim 1 wherein the friction modifier (B) is at least one compound 
selected fro the group consisting of phosphoric acid esters, phosphorous acid esters, amine salts of 
phosphoric acid esters, amine salts of phosphorous acid esters, sorbitan fatty acid esters, pentaerythntol 
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f,ttv aC ,d -sters alycenne fatty aod esters, tnmethyoipropane fatty acid esters, glycol fatty acid esters^ 
rl^uc acTds' Sfboxync aod am.oes. carboxync acd esters, meta, saits of crtoxyhc acds. fats and 

- — - «" - a -era, on- 
1 Th 8 e cZoSn as corned ,n C.a.m 3 .here, the m,nera, o, « a Oeep dewaxed o,. obta.ned by 
subjecting a purified oil to deep dewaxmg treatment. 
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